This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



610 



(19) 



3 



Europaisches Palentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(n) EP 0 818 753 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

14.01.1998 Bulletin 1998/03 

(21) Application number: 97305052.9 

(22) Date of filing: 09.07.1997 



(51) IntCI. 6 : G06T 9/20 



(84) Designated Contracting States: 


(72) Inventor: Jeon, Byeung-Woo 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Sungnam-crty, Kyungki-do (KR) 


NL PT SE 


(74) Representative: Chugg, David John 


(30) Priority: 09.07.1996 KR 9627676 


Appleyard Lees, 


15 Clare Road 


(71) Applicant: Samsung Electronics Co., Ltd. 


Halifax, West Yorkshire HX1 2HY (GB) 


Suwon City, Kyungki-do (KR) 





(54) Contour decoding apparatus 

(57) A contour decoding apparatus decodes a bit- 
stream of contour information encoded using a chain 
code. A demultiplexing unit (21 ) separates the bitstream 
of the contour information into start contour pixel infor- 
mation and chain code information. A start contour pixel 
decoder (22) decodes start contour pixel information 
separated by the demultiplexing unit and outputs hori- 
zontal and vertical coordinate values of the start pixel. 
A chain code decoding means (23-27, SW1-SW3) 
stores horizontal and vertical coordinate values of pre- 
vious contour pixel, selects an incremental and decre- 
mental value designated by the chain code information 
output from the demultiplexing unit, calculates coordi- 



nate values of a next contour pixel using the selected 
incremental and decremental value and the coordinate 
values decoded by the start contour pixel decoder (22) 
or stored previous coordinates values decoded by the 
start contour pixel decoder (22) or stored previous co- 
ordinates values, and calculates coordinate values of 
the next contour pixel using the coordinate values of the 
previous contour pixel and the incremental and decre- 
mental value designated by the chain code information. 
A contour pixel representation unit (28) represents val- 
ues representing a contour pixel on a pixel position des- 
ignated by the coordinate values decoded by the start 
contour pixel decoder (22) and the chain code decoding 
unit (23-27, SW1-SW3). 
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Description 

The present invention relates to a contour decoding 
apparatus for decoding contour information encoded by 
a chain code. 

A great amount of research and development effort 
is being made for a digital video and audio service. Par- 
ticularly a bidirectional multimedia service via a commu- 
nication channel is under active development. A digital 
video service via a bandwidth-limited communication 
channel requires a high compression rate. By the way, 
it is difficult to obtain such a high compression rate using 
a block-based motion compensation and transformation 
coding method such as existing MPEG (Motion Picture 
Experts Group)-1 and MPEG-2. Since the encoding 
method in the existing MPEG-1 and MPEG-2 is based 
on a block structure of images, it is not easy to perform 
a flexible and independent encoding of each object or 
region according to a required compression rate. Thus, 
it is needed that a given image is divided into objects 
each of which can be processed independently. An in- 
dependent encoding of each region or object, called 
"object-based encoding", requires description of object 
shape. The shape information is transmitted to a decod- 
er as contour information. 

A chain coding method is known as a general loss- 
less contour information encoding method. The chain 
coding method represents the contour using the eight 
direction vectors as shown in Figure 1 A. First, the chain 
coding method selects a location of a starting contour 
pixel to start scanning the contour form. Contour pixel 
is a pixel constituting the contour. A chain-coding exam- 
ple is shown in Figure 1B. In the case of a start pixel 
which starts a chain coding, horizontal and vertical co- 
ordinate values of the start pixel should be transmitted. 
By the way, since the coordinate values of the start pixel 
occupy a relatively high ratio of transmission amount in 
case of a medium requiring a low transmission rate, an 
additional compression is required. Thus, the horizontal 
and vertical coordinate values of the start pixel are var- 
iable-length-coded and transmitted, or any one of the 
horizontal and vertical coordinate values of the start pix- 
el is independently variable-length -coded and a differ- 
ence value between the other coordinate value and the 
independently variable-length-coded coordinate value 
is variable-length-coded and transmitted. 

Therefore, it is important to have an efficient decod- 
ing apparatus to decode the compressed starting loca- 
tion and chain codes. 

It is an aim of preferred embodiments of the present 
invention to provide a contour decoding apparatus for 
receiving and decoding object contour information of an 
image which is encoded using a chain code. 

According to a first aspect of the present invention, 
there is provided an apparatus for decoding an object 
contour from a bitstream of contour information encoded 
using a chain code, the contour decoding apparatus 
comprising: demultiplexing means for separating the bit- 



stream of the contour information into start contour pixel 
information and chain code information; a start contour 
pixel decoder for decoding start contour pixel informa- 
tion separated by the demultiplexing means and output- 
s ting horizontal and vertical coordinate values of the start 
pixel; a chain code decoding unit for storing incremental 
and decremental values possessed by adjacent pixels 
in the horizontal or vertical directions therein, selecting 
an incremental and decremental value designated by 
io the chain code information output from the demultiplex- 
ing unit, calculating coordinate values of a next contour 
pixel using the selected incremental and decremental 
value and the coordinate values decoded by the start 
contour pixel decoder, and calculating coordinate '*al- 
ues of the next contour pixel using the coordinate jes 
of the previous contour pixel and the incremental and 
decremental value designated by the chain code infor- 
mation; and a contour pixel representation unit for rep- 
resenting a value representing a contour pixel on a pixel 
20 position designated by the coordinate values decoded 
by the start contour pixel decoder and the chain code 
decoding unit. 

According to a second aspect of the invention, there 
is provided an apparatus for decoding an object contour 
2S from a bitstream of contour information encoded using 
a chain code, the contour decoding apparatus compris- 
ing: 

a demultiplexing means for separating the bit- 
30 stream of the contour information into start contour 
pixel information and chain code information; 

a start contour pixel decoder for decoding start con- 
tour pixel information separated by the demultiplex- 
es ing means and outputting horizontal and vertical co- 
ordinate values of the start pixel; and 

a chain code decoding means for storing horizontal 
and vertical coordinate values of a previous contour 
40 pixel, selecting an incremental and decremental 
value as indicated by the chain code information 
output from the demultiplexing means, calculating 
coordinate values of a next contour pixel using said 
selected incremental and decremental values and 
45 said stored coordinate values, and outputting hori- 
zontal and vertical coordinates at which a contour 
pixel is located. 

The apparatus preferably further comprises a con- 
so tour pixel representation for displaying a value repre- 
senting a contour pixel on a pixel represented by the 
coordinate values decoded by the start contour pixel de- 
coder and the chain code decoding means, said start 
contour pixel decoder comprises, a demultiplexer for 
55 separating the start contour pixel information into hori- 
zontal and vertical coordinate values; a first variable- 
length-decoder for variable-length-decoding the hori- 
zontal coordinate value separated by the demultiplexer 
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and outputting the result; and a second variable-length- 
decoder for variable-length-decoding the vertical coor- 
dinate value separated by the demultiplexer and output- 
ting the result. 

Preferably, said start contour pixel decoder com- 
prises: a demultiplexer for separating the start contour 
pixel information into a reference value and a difference 
value from the reference value; a first variable-length- 
decoder for variable-length-decoding the reference val- 
ue separated by the demultiplexer and outputting the re- 
sult; a second variable-length-decoder for variable- 
length -decoding the difference value separated by the 
demultiplexer and outputting the result; and an adder for 
adding the outputs from said first and second variable- 
length-decoders and outputting the added result as a 
coordinate value of the other. 

Said reference coordinate value may be a horizon- 
tal coordinate value. 

Said reference coordinate value may be is a vertical 
coordinate value. 

Said chain code decoding means preferably stores 
the incremental and decremental values in a form of a 
lookup table. 

Said chain code decoding means may comprise: a 
first switch for selecting between the horizontal and the 
vertical coordinate values of a previous contour pixel 
and those of starting contour pixel and for outputting se- 
lected coordinates values; a first delay for delaying the 
horizontal coordinate value of a previous contour pixel; 
a second switch for selecting one of values representing 
horizontal position adjustment such as a prior-to-one- 
pixel position (-1 ), a current pixel position (0) and an af- 
ter-one-pixel position (+1) according to the selected in- 
cremental and decremental value; a first adder for add- 
ing the horizontal coordinate value output from said first 
switch and the value selected by said second switch; a 
second delay for delaying the vertical coordinate value 
of the previous contour pixel; a third switch for selecting 
one of values representing vertical position adjustment 
such as a prior-to-one-line position (-1), a current line 
position (0) and an after-one-line position (+1 ) according 
to the selected incremental and decremental value; and 
a second adder for adding the vertical coordinate value 
output from said first switch and the value selected by 
said third switch. 

Preferably, said second and third switches in the 
chain code decoding means select "0" when the coor- 
dinates of start contour pixel is supplied to said first and 
second adders. 

For a better understanding of the invention, and to 
show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying diagrammatic drawings, in which: 

Figure 1 A is a view showing eight direction vectors 
used for a chain coding; 

Figure 1 B is a view showing an example for explain- 
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ing contour pixels and chain coding; 

Figure 2 is a block diagram of a contour decoding 
apparatus according to a preferred embodiment of 
5 the present invention; 

Figure 3 is a detailed block diagram of the star con- 
tour pixel decoder of Figure 2; 

10 Figure 4 is a table diagram showing switching con- 
trol signals for controlling connecting states of the 
switches in figure 2; and 

Figure 5 is a detailed diagram of the chain code de- 
75 coding controller of Figure 2. 

A preferred embodiment of the present invention 
will be described in detail with reference to the accom- 
panying drawings. 

In figure 2 showing a contour decoding apparatus 
according to a preferred embodiment of the present in- 
vention, a demultiplexing unit 21 receives a bitstream of 
the contour information encoded using a chain code. 
The demultiplexing unit 21 separates the received bit- 
stream into the start contour pixel information and the 
chain code information and outputs the separated start 
contour pixel information and chain code information to 
a start contour pixel decoder 22 and a chain code de- 
coding controller 23, respectively The start contour pix- 
el decoder 22 receives the start contour pixel informa- 
tion output from the demultiplexing unit 21 and decodes 
the received start contour pixel information. 

Figure 3 is a detailed diagram of the start contour 
pixel decoder 22 shown in Figure 2. One of horizontal 
and vertical coordinate values of the contour pixel where 
a chain coding starts is variable-length-coded as a ref- 
erence coordinate value and a difference value between 
the other coordinate value and the reference coordinate 
value is variable length-coded and transmitted. Figure 
3 shows an example of a case that a horizontal coordi- 
nate value is variable-length-coded into a reference co- 
ordinate value. 

In Figure 3, a demultiplexer 31 separates the re- 
ceived start contour pixel information into a reference 
coordinate value and a difference value. A first variable- 
length-decoder 32 receives and variable-length-de- 
codes the reference coordinate value separated by the 
demulliplexer 31 . A second variable-length-decoder 33 
receives and variable-length-decodes a variable- 
length-coded coordinate difference of the other coordi- 
nate and the reference coordinate values. The coordi- 
nate value variable-length-decoded by the second var- 
iable-length-decoder 33 is added to the decoded refer- 
ence coordinate value by an adder 34. As a result, a 
decoded vertical coordinate value is output by the adder 
34. Referring back to Figure 2, the horizontal coordinate 
value decoded by the first variable-lenjgth-decoder 32 
and the vertical coordinate value output from the adder 



EP 0 818 753 A2 



25 



30 



35 



40 



45 



SO 



5 

34 are applied to fixed contacts "0" of first and second 
switching elements 111 and 112 in a first switch 11. re- 
spectively. 

During the time when the start contour pixel infor- 
mation is decoded, moving contacts of switches 11 
through 1 3 are connected to the fixed contacts "0" ac- 
cording to switching control signals SW1 through SW3 
supplied from the chain code decoding controller 23, 
which will be described below. 

The decoded horizontal coordinate value is applied 
to a contour pixel representation unit 28 via the switch- 
ing element 111 of the first switch 11 and an adder 24, 
and the decoded vertical coordinate value is applied to 
the contour pixel representation unit 28 via the switching 
element 1 1 2 of the first switch 1 1 and adder 26. The con- 
tour pixel representation unit 28 represents the contour 
pixels in a frame memory (not shown). The contour pixel 
representation unit 28 initializes each pixel value in the 
frame memory by an externally input reset signal prior 
lo decoding the contour information, as a non-contour 
display value. Thereafter, when the horizontal and ver- 
tical coordinate values are applied from the adders 24 
and 26, the contour pixel value is represented at the pix- 
el position designated by the applied horizontal and ver- 
tical coordinate values. 

When a decoding of the start contour pixel informa- 
tion completes, the chain code information decoding 
starts by the chain code decoding controller 23. In more 
detail, the coordinate values of the next contour pixels 
following the starting contour pixel represented by the 
coordinate values decoded by the start contour pixel de- 
coder 22 are calculated in turn. 

The chain code information, that is, whether to 
which direction a current contour pixel is positioned from 
a previous contour pixel, is determined by the horizontal 
and vertical codes indicated by each direction vector 
shown in Figure 1 A. The chain code decoding controller 
23 stores the horizontal and vertical codes of each di- 
rection vector in the form of a lookup table. 

Figure 4 shows a lookup table containing the hori- 
zontal and vertical codes of each direction vector of Fig- 
ure 1 A. The lookup table of Figure 4 stores status values 
of control signals SW1 , SW2 and SW3. SW1 is for con- 
trolling supply of the coordinates of contour pixels. SW2 
and SW3 are for controlling calculations of H_ADDR 
and V_ADDR according to each direction vector. 

Referring to Figure 5 showing a detailed structure 
of the chain code decoding controller 23 of Figure 2 : the 
chain code information separated by the demultiplexing 
unit 21 is added to an address ADDR0+1 by an adder 
51 . The added result of the adder 51 is used as a read 
address for the switching control signals SW1 through 
SW3 stored in the lookup table 52. When the start con- 
tour pixel information is decoded, the output of the adder 
51 is not used, and instead switching control signals 
SW1 of "0°, SW2 of "0" and SW3 of "0" designated by 
the address ADDR0 are output. In other case, the 
switching control signals SW1 through SW3 output from 
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the lookup table 52 are supplied to the first through third 
switches 11 through 13, which are used for controlling 
the connecting states of the respective switches 11 
through 13. 

5 The horizontal and vertical coordinate values of the 
decoded start pixel are input to first and second delays 
25 and 27 : respectively. The horizontal and vertical co- 
ordinate values of the start contour pixel are delayed by 
the first and second delays 25 and 27 during the time 
10 when the chain code decoding controller 23 operates 
with respect to the next chain code information. During 
the time when the chain code information is decoded, 
the moving contacts of the switching elements 111 and 
1 1 2 in the first switch 1 1 are connected to the fixed con- 
is tacts *V according to the first switching control signal 
SW1 supplied from the chain code decoding controller 
23. Thus, the coordinate values delayed by the delays 
25 and 27 are fed back to the adders 24 and 26 via the 
switching elements 111 and 112 in the first switch 11, 
respectively. 

The second switch 1 2 selects one of horizontal po- 
sitions such as a prior-to-one-pixel position (-1), a cur- 
rent pixel position (0) and an after-one-pixel position 
(+1) according to the second switching signal SW2 out- 
put from the chain code decoding controller 23, to select 
where the horizontal coordinate value of a contour pixel 
is positioned from the horizontal coordinate value of the 
previous contour pixel. The first adder 24 adds the hor- 
izontal coordinate value of the fed-back previous con- 
tour pixel and the value selected via the second switch 
12, and outputs the added result as the horizontal coor- 
dinate value H_ADDR of the current contour pixel 

The third switch 13 selects one of vertical positions 
such as a prior-to-one-line position (-1), a current line 
position (0) and an after-one-line position (+1 ) according 
to the third switching signal SW3 output from the chain 
code decoding controller 23, to select where the vertical 
coordinate value of a contour pixel is positioned from 
the vertical coordinate value of the previous contour pix- 
el. The second adder 26 adds the vertical coordinate 
value of the fed-back previous contour pixel and the val- 
ue selected via the third switch 1 3, and outputs the add- 
ed result as the vertical coordinate value V_ADDR of 
the current contour pixel. The horizontal and vertical co- 
ordinate values output from the adders 24 and 26 are 
applied to the contour pixel display 28 and simultane- 
ously input to the delays 25 and 27 so as to be used for 
calculating the next contour pixel. 

If the horizontal and vertical coordinate values 
H_ADDR and V_ADDR are input from the adders 24 and 
26, the contour pixel display 28 displays the contour pix- 
el value at a pixel position represented by the input hor- 
izontal and vertical coordinate values. 

The start contour pixel decoder 22 has been de- 
scribed with respect to only the case of decoding coor- 
dinate values encoded with a difference between the 
reference coordinate value and one of the horizontal 
and vertical coordinate values. It is however obvious 
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that a case that the coordinate values are individually 
variable-length-coded can be implemented within the 
scope of the present invention. 

As described above, the contour decoding appara- 
tus can effectively decode contour information encoded 
with a chain code. 

While only certain embodiments of the invention 
have been specifically described herein, it will be appar- 
ent that numerous modifications may be made thereto 
without departing from the scope of the invention. One 
example is to use differential chain coding instead of the 
chain coding. 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 
to this specification in connection with this application 
and which are open to public inspection with this spec- 
ification, and the contents of all such papers and docu- 
ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process 
so disclosed, may be combined in any combination, ex- 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
ing any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features dis- 
closed in this specification (including any accompanying 
claims, abstract and drawings), or to any novel one, or 
any novel combination, of the steps of any method or 
process so disclosed. 

Claims 

1. An apparatus for decoding an object contour from 
a bitstream of contour information encoded using a 
chain code, the contour decoding apparatus com- 
prising: 

a demultiplexing means (21) for separating the 
bitstream of the contour information into start 
contour pixel information and chain code infor- 
mation; 

a start contour pixel decoder (22) for decoding 
start contour pixel information separated by the 
demultiplexing means (21 ) and outputting hor- 
izontal and vertical coordinate values of the 
start pixel; and 



a chain code decoding means (23-27, 
SW1-SW3) for storing horizontal and vertical 
coordinate values of a previous contour pixel, 
selecting an incremental and decremental val- 

5 ue as indicated by the chain code information 

output from the demultiplexing means (21 ), cal- 
culating coordinate values of a next contour pix- 
el using said selected incremental and decre- 
mental values and said stored coordinate val- 

w ues, and outputting horizontal and vertical co- 

ordinates at which a contour pixel is located. 

2. An apparatus for decoding an object contour from 
a bitstream of contour information encoded using a 

is chain code according to claim 1 , further comprises: 

a contour pixel representation unit (28) for dis- 
playing a value representing a contour pixel on 
a pixel represented by the coordinate values 
20 decoded by the start contour pixel decoder (22) 

and the chain code decoding means, 

said start contour pixel decoder (22) comprises, 

2S a demultiplexer (31) for separating tho start 

contour pixel information into horizontal and 
vertical coordinate values; 

a first variable-length-decoder (32) for variable- 
30 length -decoding the horizontal coordinate val- 

ue separated by the demultiplexer and output- 
ting the result; and 

a second variable-length-decoder (33) for var- 
35 iable-length-decoding the vertical coordinate - 

value separated by the demultiplexer and out- 
putting the result. 

3. A contour decoding apparatus according to claim 1 , 
40 wherein said start contour pixel decoder (22) com- 
prises: 

a demultiplexer (31) for separating the start 
contour pixel information into a reference value 
45 and a difference value from the reference val- 

ue; 

a first variable-length-decoder (32) for variable- 
length-decoding the reference value separated 
so by the demultiplexer (31 ) and outputting the re- 

sult; 

a second variable-length-decoder (33) for var- 
iable-length-decoding the difference value sep- 
55 arated by the demultiplexer and outputting the 

result; and 

an adder (34) for adding the outputs from said 
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first and second variable-length-decoders 
(32,33) and outputting the added result as a co- 
ordinate value of the other. 

The contour decoding apparatus according to claim 
3, wherein said reference coordinate value is a hor- 
izontal coordinate value. 



7, wherein said second and third switches (SW3, 
SW3) in the chain code decoding means select *0" 
when the coordinates of start contour pixel is sup- 
plied to said first and second adders (24, 26). 



5. The contour decoding apparatus according to claim 
3, wherein said reference coordinate value is a ver- io 
tical coordinate value. 



6. . The contour decoding apparatus according to any 
of claims 1 to 5, wherein said chain code decoding 
means (23-27, SW1-SW3) stores the incremental is 
and decremental values in a form of a lookup table. 

7. The contour decoding apparatus according to any 
of claims 1 to 5, wherein said chain code decoding 
means comprises: 20 

a first switch (SW1) for selecting between the 
horizontal and the vertical coordinate values of 
a previous contour pixel and those of starting 
contour pixel and for outputting selected coor- 25 
dinates values; 



a first delay (25) for delaying the horizontal co- 
ordinate value of a previous contour pixel; 

30 

a second switch (SW2) for selecting one of val- 
ues representing horizontal position adjust- 
ment such as a prior-to-one-pixel position (-1 ), 
a current pixel position (0) and an after-one-pix- 
el position (+1 ) according to the selected incre- 35 
mental and decremental value; 



a first adder (24) for adding the horizontal co- 
ordinate value output from said first switch 
(SW1) and the value selected by said second 40 
switch (SW2); 



a second delay (27) for delaying the vertical co- 
ordinate value of the previous contour pixel; 

45 

a third switch (SW3) for selecting one of values 
representing vertical position adjustment such 
as a prior-to-one -line position (-1 ), a current line 
position (0) and an after-one-line position (+1 ) 
according to the selected incremental and dec- so 
remental value; and 

a second adder (26) for adding the vertical co- 
ordinate value output from said first switch 
(SW1) and the value selected by said third ss 
switch (SW3). 



8. The contour decoding apparatus according to claim 
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(54) Contour decoding apparatus 

(57) A contour decoding apparatus decodes a bit- 
stream of contour information encoded using a chain 
code. A demultiplexing unit (21 ) separates the bitstream 
of the contour information into start contour pixel infor- 
mation and chain code information. A start contour pixel 
decoder (22) decodes start contour pixel information 
separated by the demultiplexing unit and outputs hori- 
zontal and vertical coordinate values of the start pixel. 
A chain code decoding means (23-27, SW1-SW3) 
stores horizontal and vertical coordinate values of pre- 
vious contour pixel, selects an incremental and decre- 
mental value designated by the chain code information 
output from the demultiplexing unit, calculates coordi- 



nate values of a next contour pixel using the selected 
incremental and decremental value and the coordinate 
values decoded by the start contour pixel decoder (22) 
or stored previous coordinates values decoded by the 
start contour pixel decoder (22) or stored previous co- 
ordinates values, and calculates coordinate values of 
the next contour pixel using the coordinate values of the 
previous contour pixel and the incremental and decre- 
mental value designated by the chain code information. 
A contour pixel representation unit (28) represents val- 
ues representing a contour pixel on a pixel position des- 
ignated by the coordinate values decoded by the start 
contour pixel decoder (22) and the chain code decoding 
unit (23-27, SW1-SW3). 
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